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Abstract: A voltage-controlled oscillator (VCO) made of hybrid
CMOS is presented in the study; it has a low power consumption and a
linear response across a broad power range. field-effect transistors
based on carbon nanotube hybrid voltage CMOS. In this study,
controlled ring oscillators are introduced. These designs use the
capabilities of the CNTFET in addition to the benefits of high-
frequency performance without sacrificing power consumption. have a
significant impact on the three-stage ring oscillator's oscillation
frequency when supplied at 0.7V. An output frequency regulator was
used. The frequency of CMOS voltage-controlled oscillators (VCOs),
power dissipation, and hybrid VCOs are examined. Without the
necessity for a resistor or broad device, Combine the responsiveness of
CMOS and CNTFET outputs using a CMOS-VCO hybrid. Excellent
linearity is shown by the circuit when compared to a CMOS pure circuit
with tuning and control voltages of 0.7V.

Key Words: Voltage Controlled Oscillator, Operating Frequency,
CMOS, Power consumption, Cadence.

. INTRODUCTION

The VCO is a mixed-signal analogue electrical circuit
component that is frequently employed in electronic circuits that
combine and convert analogue and combined signals, such as in
PLLs (Phase-Locked Loops) and ADCs (analog to digital
converters) [1], [2]. VOC designs consist primarily of topologies
like LC tank oscillators and VCOs. VCOs have a relatively
broad tuning range in PLL applications; in contrast to LC
oscillators, the silicone region is narrower in VCOs, making
them highly suitable for silicone integration [3]. The noise phase
efficacy of superior LC tank oscillation with PLL design when
compared to the VCO spring oscillator [5] [4]. A voltage control
oscillator-based current CSVCO structure is used that consists of
various stages of the VCO that resemble current starved voltage
controlled oscillators and inverter stages that are voltage

regulated. [6]. With hysteresis and a solitary inverter comprising
a solitary VCO phase, Schmitt triggers require a reduced number
of circuit transistors when compared to CSVCO. This work
suggests the use of Schmitt's CMOS and CNFET-Ansatz to
create a hybrid voltage-regulated oscillator. Hybrid circuits are
considered to be specifically designed to have improved linearity
and lower power consumption compared to pure CMOS circuits.
The proposed VCO is simulated in the HSPICE
environment.Carbon nanotube-enhanced gate electrostatics,
exceptionally high electron mobility, and effective carrier
transport all contribute to the exceptional interface channel
performance of CNFETSs.[7][8]. CNFETs were subjected to
comprehensive analysis not only in the context of fundamental
integrated circuits like logic portals and ring oscillators, but also
in various analogue and RF (radio frequency) circuits. Recently,
it has been demonstrated that highly linear RF circuits and
potential applications can benefit from CNFETSs. The linearity of
CNFETs is found to be similar to that of conventional
MOSFETSs, as demonstrated by researchers in [9]. The hybrid
advancement of electronic circuits, employing both traditional
MOSFETs and contemporary nanoelectronic systems, was a
challenge encountered by numerous researchers. The [10] study
proposes the incorporation of hybrid 3D CMOS-CNFET
inverters. [11] A study conducted by researchers from Stanford
University documented the implementation of co-integration for
PCNFET and NMOS cascade amplifiers. [12] describes a
chemical sensing application utilising a hybrid CMOS-CNFET
configuration. CNFETs are recommended for gating in CMOS
transistors that require power replacement [14]. These novel
monolithic 3D building blocks comprising memory, RF,
analogue, and computer components will help future-proof
nanoelectronic systems. Researchers have demonstrated such
three-dimensional integrated systems in [15] as hybrid
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cointegration structures comprised of conventional CMOS
silicon blocks and CNFET logic construction blocks. In this
configuration, integrated circuit layers are stacked vertically.

1. LITERATURE WORK

Static and dynamic variations of a number of ring oscillator
designs have been documented in prior research. The variable-
length ring oscillator (VLRO) design proposed by Jordi P.
Puigdemont et al. [16] is able to synchronously alter the output
frequency while maintaining a glitch-free signal. Even with
supply voltage ranges that are substantially below the prescribed
values, the VLRO operates dependably in all circumstances,
according to the authors. In their study, Vandana Shikhawar et
al. [17] devised and simulated a nine-stage ring oscillator circuit.
They reached the conclusion that the circuit operates at a
minimal power consumption of 18.9% and provided a reference
paper to support their claim. power dissipation, Jitter, noise
margin, noise factor, phase margin, and other parameters of a
nine-stage CMOS ring oscillator were examined by S. Kumar et
al. [18]. As determined by the authors, the phase noise is -6.4
kdBc/Hz and the period fluctuation is zero at 933.5 picoseconds.
Daniel P.Bautista et. al. [19] introduced a novel VCO that
operates with a reduced power consumption and a broad
frequency range. The delay cell incorporates partial positive
feedback, supporting a single two-stage circuit and high speeds.
Also, the VCO has good output frequency-control voltage
linearity. Er F. Khtoon et al. [20] demonstrated how a ring
oscillator is constructed by connecting numerous delay stages in
a cascade with positive feedback. The suggested circuit, which
has a tuning range of 125MHz to 561.798MHz, is best suited for
PLL and timer circuits, according to the research. This oscillator
requires an average power consumption of 3.6 mV and can
operate on a 2.5 v power source. Victor Karam et. al. [21]
examined the static CMOS inverter dependency oscillator to
increase multi-GHz oscillation frequency. The technique was
shown to provide a 21% speed improvement over previous
efforts. 40 times less power is used than with the previous design
approach, according to Vrastislav Michal et al. [22], who
developed a straightforward method for optimising the CMOS
ring oscillators' power and frequency dispersion. Abbas
Ramazani et al. [23] analysed the relationship between variations
in supply voltage and delay time, and proposed an innovative
type of ring oscillator comprised of a standard inverter and a
current-starved inverter. The authors claim that this CMOS ring
oscillator has excellent stability even with voltage changes. SS
Ali Salih et al. get. [24] studied the effect of two-phase phase
alignment method on ring oscillators. The authors suggest that
this new approach helps reduce the noise level in ROs and
reduce the power consumption of ring oscillators.Because low
power has so many applications, it is essential for building low
power circuits in VLSIs. The main limitation for any low power
VLSI circuit is power consumption because of its widespread
use [25-28]. Throughout the design history, the primary goals of
VLSI design have been to maximise power consumption and
performance in order to achieve computationally real-time
functions.

1. CIRCUIT DESCRIPTION

Ring-based oscillator design output from the initial stage entry.
Figure 1 is a block diagram of the VCO of a single-stage N-
delay inverter. A phase change of 23 and voltage increase of the

apparatus are required to be executed in the event of an
oscillation. Ring-based oscillator design output from the initial
stage entry. Figure 1 is a block diagram of the VCO of a single-
stage N-delay inverter. A phase change of 2 and voltage
increase of the apparatus are required to be executed in the event
of an oscillation. In the case of a late cell, it is necessary to
specify a phase shift of Y/N, where N denotes the overall count
of delay phases. The residual p phase shift is generated through
the inverter delay cell's dc reversion. DC inversion in the design
of single-end oscillators is highly dependent on the unusual
number of delay phases. N represents the total number of delay
steps, while td denotes a delay for each stage. fo = 1/2Ntd
represents the VCO oscillation frequency. The literature on
transducer design has documented a range of delay cell
configurations, such as dual-delay paths, single-ended delays,
and multisfeedback loops. A variety of coupling cells, including
delay cell strategies and latches and inverter stages, have been
implemented. The efficacy of a VCO model is significantly
impacted by the enhancement of delay phases, which are
fundamental components of every VCO model. In light of the
importance of energy consumption and frequency range, a novel
delay cell is proposed in this study.
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Figure.1: Inverter N-delay Single-ended VCO block diagram

Each delayed cell inverter's timing relies on the ring's VCO
output frequency. Three transistor gates are used in the
suggested designs for delay cells made of NAND. Figure 2's 3-
transistor NAND gates were powered by an inverter.
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Figure.2: 3- CMOS transistor NAND gate.

V. Proposed Hybrid CMOS Voltage Controlled Ring
Oscillator (HCVCRO)

Due to the expansion of portable electronic devices as well as
the reduction of technological scale and the limitations of
MOSFET channel length reduction, the design of a low power
ring oscillator with a wide frequency range and having the
ability to adjust the frequency is necessary for many applications
and many efforts are made in this field by designers [29-31]. To
answer the challenges in [32], tunable ROs based CNTFET
inverters have been proposed and have taken advantage of
CNTFET. The high frequency and low power ROs introduced in
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[32] have the ability to adjust the frequency and do not have any
additional mechanism for adjusting the frequency. In [29] hybrid
ROs based on CNTFET CMOS are introduced.

The circuit is examined in response to variations in parameters
including control voltage (CV), induced frequency, and power
dissipation. The ring oscillator uses a voltage-controlled order
(VCO) consisting of n stages, each of which introduces
nonlinearity.By implementing the topology depicted in Figure 3,
this issue can be resolved by employing a solitary current stage
of deprivation succeeded by a hysteresis trigger Schmitt. One of
the uses for a Schmitt trigger is to power an RC oscillator.
Schmitt is also capable of constructing a voltage-controlled
oscillator in conjunction with current sources. Hybrid CMOS is
employed in the fabrication of the Schmitt trigger according to
the proposed design. Current sources are also reflected in
MOSFETs PMO and NM6 by HCVCRO. NMO and PM2 both
function as transistors. The inverter is constructed using standard
MOSFETs. W/L=1.2 represents the hybrid implementation of
MOSFETs. An important criterion for the use of PLL in VCOs
is the overall bias. The linear response of hybrid circuits is
improved compared to pure CMOS.As a result of employing
high Vth devices to decrease power dissipation, unadulterated
CMOS circuits exhibit a non-linear response. The crossover
CMOS VCRO waveforms are depicted in Figure 4.

Figure.4. HCVCRO the output waveform of a hybrid CMOS
device.

V. Proposed Hybrid CNTFET CMOS Voltage
Controlled Ring Oscillator (HCCVCRO)

The aggregate nonlinearity of ring oscillator VCOs is
contributed to by each of the n stages that comprise the VCO.
the topology illustrated in Figure 6 may utilise a Schmitt trigger
with hysteresis subsequent to a solitary current deprivation stage.

Schmitt triggers serve as an integral component of an RC
oscillator. Voltage-controlled oscillators can also be created by
combining current sources with Schmitt triggers. In order to
fabricate the Schmitt trigger, the proposed design employs
CNTFETSs. Furthermore, in the same way that transistors M5 and
M6 reflect the currents in CNTFETs M1 and M4, they function
as current sources. By utilising standard MOSFETS, the inverter
is constructed. The starting voltage of 0.323V is related to the
choice of CNTFET channel length.With an inter-CNT pitch of
4nm, three tubes are utilised.
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Figure 5: Voltage-controlled oscillator Combining CMOS and
CNFET

Figure.6. Voltage-controlled Hybrid CNTFET Ring oscillator
(HCNTVCRO) diagram

Transient

Figure.7. the voltage-controlled ring oscillation (HCNTVCRO)
output waveform of a hybrid CNTFET.

In connection to these parameters, the regulated voltage, number
of CNFET tubes, gate oxide thickness, inter-CNT pitch, CNFET
chiral vectors (threshold voltage), and power dissipation of the
suggested circuit are examined. The oscillator frequency in a
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CNFET exhibits a linear relationship with the quantity of
nanotubes present, given a specific control voltage (Figure 5).
This provides an easy solution to meet VCO requirements for a
PLL application by scaling the VCRO frequency during design.
A CNFET's thin gate oxide increases the driving current and
transconductance. gate oxide thickness's impact on a hybrid
VCRO's frequency and power dissipation. Higher gate oxide
thicknesses for low power VCOs may be utilised to lower
driving current and lower dynamic power consumption.

VI. RESULTS AND DISCUSSION

The synthesis and simulation are completed for each design.
CADENCE tool, a 90 nm technology, has a nominal supply
voltage Vdd=0.7 V. It evaluates the performance of current
adder designs and suggested hybrid CMOS and CNTFET VCRO
solutions. At normal temperature (27 °C), delay cells are the
only dominating mechanism with significantly reduced gate
leakage. Reducing power loss and increasing design efficiency
may be achieved by directly connecting ground and Vdd and
tabulating all relevant characteristics, such as frequency and
leakage power.

Table 1 Comparing the Performances of CMOS VCO with

HCVCO

Performance Proposed Hybrid | Proposed Hybrid
Parameter CMOS VCRO CNTFET VCRO
Technology Used 90nm 90nm
Supply Voltage 0.7v 0.7v
Power consumption | 11.09 pW 9.5 yW
Operating 4.8GHz 1.6GHz
Frequency

VII. CONCLUSION

To linearize the VCRO response, CMOS-VCRO hybrid devices
are employed, eliminating the need for a broad device or
resistor. With a tuning and control voltage of 0.7V, the device
exhibits superior linearity as compared to the pure CMOS
circuit. Controlling the output frequency requires a supply
voltage of 0.7V. The power frequency and power consumption
of the scheme were studied in different parameters such as
voltage control, number of CNFET tubes, gate oxide thickness,
CNFET hole starting voltage and CNT gap.When a CNFET has
a certain number of nanotubes, the oscillator frequency rises
linearly with that CV. VCOs with a broad and linear tuning
range are among the most important requirements for PLL
applications.
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